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Description

TECHNICAL FIELD

[0001] The invention relates generally to aircraft com-
ponents, and more particularly to sandwich-structured
panels.

BACKGROUND

[0002] A gas turbine engine powering an aircraft in
flight produces noise and acoustic treatment in the en-
gine can be used to attenuate some of the noise. A single-
degree of freedom (SDOF) acoustic panel construction
can include a honeycomb core disposed between a back-
ing sheet and a porous (e.g., perforated) facing sheet.
The space between the backing sheet and the facing
sheet defines a noise-attenuating cavity. A double-de-
gree of freedom (DDOF) acoustic panel construction can
include two honeycomb cores joined together at an in-
termediate porous septum. The arrangement of the two
honeycomb cores and the septum are disposed between
a backing sheet and a porous (e.g., perforated) facing
sheet to define two noise-attenuating cavities.
[0003] Components of such acoustic treatment are
typically assembled and joined together using an adhe-
sive reticulation process where a film-adhesive is used
to join the edges of the honeycomb cells to the facing
sheet and backing sheet. During the joining process,
some excess adhesive material can flow into and block
holes formed into the facing sheet of the acoustic panel.
The blocking of the holes by the adhesive material can
reduce the noise attenuation efficiency of the acoustic
panel. Existing approaches for securing components of
the panels together can also take away space that could
otherwise be used as acoustically treated areas of the
panels. Improvement is desirable.

SUMMARY

[0004] In one aspect, the disclosure describes a meth-
od of manufacturing a sandwich-structured panel. The
method comprises: receiving a first skin, a second skin
and a cellular core; assembling the cellular core with the
first and second skins so that: the cellular core is disposed
between the first and second skins; the first skin has a
peripheral portion disposed outside a periphery of the
cellular core; the second skin has a peripheral portion
disposed outside the periphery of the cellular core and
facing the peripheral portion of the first skin, the periph-
eral portion of the second skin being adjacent the periph-
eral portion of the first skin; and ultrasonically welding
the peripheral portion of the first skin and the peripheral
portion of the second skin together.
[0005] In another aspect, the disclosure describes a
method of manufacturing an aircraft component. The
method comprises: receiving a backing member, a sheet
and a cellular structure; assembling the cellular structure

between the backing member and the sheet; and ultra-
sonically welding the backing member and the sheet to-
gether.
[0006] In a further aspect, the disclosure describes a
sandwich-structured panel comprising: a first skin; a sec-
ond skin disposed relative to the first skin to define a
cavity between the first and second skins; and a cellular
core disposed in the cavity between the first and second
skins; wherein: the first skin has a peripheral portion dis-
posed outside a periphery of the cellular core; the second
skin has a peripheral portion disposed outside the pe-
riphery of the cellular core and facing the peripheral por-
tion of the first skin, the peripheral portion of the second
skin being adjacent the peripheral portion of the first skin;
and the peripheral portion of the first skin and the periph-
eral portion of the second skin are welded together.
[0007] Features of embodiments are recited the de-
pendent claims.
[0008] Further details of these and other aspects of the
subject matter of this application will be apparent from
the detailed description included below and the drawings.

DESCRIPTION OF THE DRAWINGS

[0009] Reference is now made to the accompanying
drawings, in which:

FIG. 1 shows an axial schematic cross-section view
of an exemplary turbofan gas turbine engine includ-
ing one or more sandwich-structured panels as de-
scribed herein;

FIG. 2 is a perspective cutaway view of an exemplary
sandwich-structured panel in the form of a single-
degree-of-freedom (SDOF) acoustic panel;

FIG. 3 is a perspective cutaway view of another ex-
emplary sandwich-structured panel in the form of a
double-degree-of-freedom (DDOF) acoustic panel;

FIG. 4 is a perspective schematic view of an exem-
plary duct including a sandwich-structured panel as
described herein;

FIG. 5 is a schematic cross-section view of the duct
of FIG. 4 taken along line 5-5 in FIG. 4;

FIG. 6 is a schematic cross-section view of the duct
of FIG. 4 taken along line 6-6 in FIG. 4;

FIG. 7 is a flowchart illustrating an exemplary method
of manufacturing an aircraft component in the form
of a sandwich-structured panel;

FIG. 8A schematically illustrates a backing member
of a sandwich-structured panel formed from a pre-
cursor sheet;
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FIG. 8B schematically illustrates assembling the
backing member of FIG. 8A with a base and ultra-
sonically welding the backing member to the base;

FIG. 8C schematically illustrates assembling a cel-
lular structure and a facing sheet with the backing
member of FIG. 8A;

FIG. 8D schematically illustrates ultrasonically weld-
ing the facing sheet of FIG. 8C to the backing mem-
ber of FIG. 8A and to the cellular structure;

FIG. 9A schematically illustrates an exploded view
of a sandwich-structured panel in the form of a DDOF
acoustic panel;

FIG. 9B schematically illustrates ultrasonically weld-
ing components of the sandwich-structured panel of
FIG. 9A;

FIG. 10 is a schematic representation of part of an-
other exemplary sandwich-structured panel; and

FIG. 11 is a schematic representation of part of an-
other exemplary sandwich-structured panel.

DETAILED DESCRIPTION

[0010] Sandwich-structured components (e.g., pan-
els) of aircraft and methods for manufacturing such com-
ponents are described herein. The components may be
suitable for use in various structural and/or noise-atten-
uating applications including on structures (i.e., air-
frames) of aircraft or other mobile platforms, in aircraft
engines, in automotive applications, buildings and/or in
other structural applications for example. In various em-
bodiments, the components described herein may in-
clude or be part of walls, panels, liners or ducts for ex-
ample. In some embodiments, the components may
serve as acoustic treatment and may be referred to as
"acoustic panels" or "acoustic liners" with desirable
noise-attenuating properties. Such components may be
installed to line a duct (e.g., inlet or bypass duct) of a gas
turbine engine or may be installed in any other location(s)
such as inside a passenger cabin of an aircraft or on the
exterior of an aircraft where noise attenuation is desira-
ble. While the following description refers to acoustic
treatment (e.g., panels) for aircraft applications, it is un-
derstood that sandwich-structured components and
methods described herein may be suitable for use in oth-
er applications.
[0011] In some embodiments, the components and
methods described herein make use of ultrasonic weld-
ing for joining parts of the components together so that
the need for adhesive material (e.g., glue) used in con-
ventional assembly methods such as adhesive reticula-
tion can be reduced or eliminated. In the case of acoustic
panels, the reduction or elimination of adhesive material

can reduce or eliminate the risk of excess adhesive ma-
terial flowing into and blocking holes formed into the fac-
ing sheet and/or the septum of such acoustic panels. In
some embodiments, the use of ultrasonic welding may
simplify the construction of sandwich-structured panels.
In some embodiments, the ultrasonically-welded joints
between parts of acoustic panels may make efficient use
of space to leave more space available for acoustically
treated areas of acoustic panels.
[0012] Terms such as "attached", "connected" and
"coupled" may include both direct attachment, connec-
tion or coupling (in which two elements contact each oth-
er) and indirect attachment, connection or coupling (in
which at least one additional element is located between
the two elements). The term "substantially" as used here-
in may be applied to modify any quantitative representa-
tion which could permissibly vary without resulting in a
change in the basic function to which it is related. Aspects
of various embodiments are described through reference
to the drawings.
[0013] FIG. 1 illustrates gas turbine engine 10 of a type
preferably provided for use on an aircraft, generally com-
prising in serial flow communication, fan 12 through
which ambient air is propelled, multistage compressor
14 for pressurizing the air, combustor 16 in which the
compressed air is mixed with fuel and ignited for gener-
ating an annular stream of hot combustion gases, and
turbine section 18 for extracting energy from the com-
bustion gases.
[0014] Engine 10 may include one or more sandwich-
structured panels 20, 20A, 20B (referred generically
herein as "panel 20") used as acoustic treatment (e.g.,
panels or liners) disposed at different locations within en-
gine 10 to obtain desired noise-attenuation. It is under-
stood that panel 20 may be used in other types of engines
(e.g., turboshaft, turboprop, auxiliary power unit (APU))
and in other types of noise-attenuating applications. In
some embodiments, panel 20 may be used in structural
applications that are not necessarily intended to provide
noise-attenuation.
[0015] In some situations, panel(s) 20 (e.g., acoustic
liner) may be disposed upstream and/or downstream of
fan 12 inside of engine 10 so that noise produced by fan
12 may be attenuated. For example, panel(s) 20 may be
integrated in inlet 22 of engine 10 and disposed upstream
of fan 12. Alternatively or in addition, panel(s) 20 may be
integrated in (e.g., annular) bypass duct 24 and define a
radially-outer and/or a radially-inner surface of bypass
duct 24. In various embodiments, panel 20 may be suit-
able for use in a fan case, intermediate case, bypass duct
24, exhaust duct, thrust reverser duct, and an exhaust
center body of engine 10 for example. In some embodi-
ments, panel 20 may be suitable for use in a hot core
section duct of engine 10 where adhesively bonded
acoustic materials would typically not be used due to el-
evated temperatures. Depending on the specific appli-
cation, panel 20 may have a generally planar or non-
planar (e.g., curved, arcuate, annular) form (e.g., of sin-
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gle or double curvature).
[0016] FIG. 2 is a perspective cutaway view of an ex-
emplary sandwich-structured panel 20A in the form of a
single-degree-of-freedom (SDOF) acoustic panel. SDOF
acoustic panel 20A may include backing member 26, fac-
ing sheet 28 and cellular structure 30 disposed between
backing member 26 and facing sheet 28. Facing sheet
28 may be spaced apart from backing member 26 to de-
fine (e.g., noise-attenuating) cavity 32 between backing
member 26 and facing sheet 28.
[0017] As explained below, cellular structure 30 may
be attached to backing member 26 and/or facing sheet
28 through ultrasonic welding. Cellular structure 30 may
include walls serving as partitions defining sub-cavities
(cells) within noise-attenuating cavity 32. Cellular struc-
ture 30 may serve as a core of SDOF acoustic panel 20A.
In some embodiments, backing member 26 may have
the form of a sheet or plate. However, it is understood
that backing member 26 may be of any suitable shape
and thickness. For example, backing member 26 may be
a part of another component of engine 10 such as a wall
of inlet 22 or bypass duct 24 of engine 10 that provides
a suitable back wall for noise-attenuating cavity 32. Back-
ing member 26 and facing sheet 28 may serve as skins
of SDOF acoustic panel 20A disposed on opposite sides
of cellular structure 30.
[0018] FIG. 3 is a perspective cutaway view of an ex-
emplary sandwich-structured composite panel 20B in the
form of a double-degree-of-freedom (DDOF) acoustic
panel. DDOF acoustic panel 20B may include backing
member 26, septum 34, cellular structures 30A, 30B and
facing sheet 28. Septum 34 may be spaced apart from
backing member 26 to define (e.g., noise-attenuating)
cavity 32A between backing member 26 and septum 34.
Cellular structure 30A may be disposed between backing
member 26 and septum 34. As explained below, cellular
structure 30A may be attached to backing member 26
and/or septum 34 through ultrasonic welding.
[0019] Facing sheet 28 may be spaced apart from sep-
tum 34 to define (e.g., noise-attenuating) cavity 32B be-
tween septum 34 and facing sheet 28. Cellular structure
30B may be disposed between facing sheet 28 and sep-
tum 34. Similarly, cellular structure 30B may be attached
to facing sheet 28 and/or septum 34 through ultrasonic
welding. Due to its configuration, DDOF acoustic panel
20B may, in some embodiments, resonate and attenuate
noise at multiple frequencies or within a wider frequency
range than SDOF acoustic panel 20A.
[0020] In reference to the SDOF and DDOF acoustic
panels 20A, 20B of FIGS. 2 and 3 respectively, cellular
structures 30, 30A, 30B (referred generally as "cellular
structure 30") may each include a plurality of open-ended
juxtaposed cells of hexagonal or other (e.g., triangular,
rectangular, polygonal) cross-sectional profile. For ex-
ample, in the case of SDOF acoustic panel 20A, the walls
defining the cells of cellular structure 30 may extend from
backing member 26 to facing sheet 28 and may provide
structural support between facing sheet 28 and backing

member 26. In the case of DDOF acoustic panel 20B,
the walls defining the cells of cellular structure 30B may
extend from septum 34 to facing sheet 28, and the walls
defining the cells of cellular structure 30A may extend
from backing member 26 to septum 34.
[0021] In some embodiments, cellular structure 30
may be of a type referred to as "honeycomb" core. Cel-
lular structure 30 may be made from a suitable non-me-
tallic material (e.g., polymer), fiber-reinforced composite
material (e.g., carbon fibre/resin matrix) or metallic (e.g.,
aluminum-based) material for example.
[0022] In noise-attenuating applications, outer facing
sheet 28 may be porous (e.g., perforated) and may in-
clude a plurality of through holes 36 formed (e.g., drilled)
therein. In some embodiments, holes 36 may have a sub-
stantially circular cross-sectional shape but other cross-
sectional shapes such as ovals or rectangles may also
be suitable. For example, holes 36 may include one or
more slits. In some embodiments, one or more holes 36
may be in communication with each cell defined by cel-
lular structure 30 and each cell may function as a reso-
nator. In some embodiments, a highly resistive material
such as a mesh of porous material may be disposed in-
side or outside the cells defined by cellular structure 30
(e.g., bonded above or below facing sheet 28) and may
alter the noise-attenuating performance of SDOF acous-
tic panel 20A. Facing sheet 28 may be made from a suit-
able metallic, plastic or composite material. For example,
facing sheet 28 may be made from fiber-reinforced com-
posite material (e.g., carbon fibers embedded in a poly-
meric resin) or metallic (e.g., aluminum-based or metal)
material. In some embodiments, facing sheet 28 may
have a thickness permitting ultrasonically welding facing
sheet 28 to another component. In various embodiments,
facing sheet 28 may have a thickness of between 1 mm
and 6.5 mm for example. However, other thicknesses
may be suitable for various applications.
[0023] Backing member 26 may be unperforated and
include a non-porous impermeable sheet, plate or other
relatively hard material. Backing member 26 may be
made from a suitable metallic, plastic or composite ma-
terial. For example, backing member 26 may be made
from fiber-reinforced composite material (e.g., carbon fib-
ers embedded in a polymeric resin) or metallic (e.g., alu-
minum-based or metal) material. In some embodiments,
backing member 26 may have a thickness permitting ul-
trasonically welding backing member 26 to another com-
ponent.
[0024] In noise-attenuating applications, septum 34
may be a porous (e.g., perforated) sheet or plate and
may include a plurality of through holes 38 formed (e.g.,
drilled) therein for acoustically connecting noise-attenu-
ating cavities 32A, 32B together. Septum 34 may serve
as an intermediate (e.g., perforated) skin disposed be-
tween cellular structure 30A and cellular structure 30B.
Septum 34 may be made from a suitable metallic, plastic
or composite material. For example, septum 34 may be
made from fiber-reinforced composite material (e.g., car-
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bon fibers embedded in a polymeric resin), metallic (e.g.,
aluminum-based or metal) material, or fibrous material
such as fiber cloth and mesh cloth. In some embodi-
ments, septum 34 may include a perforated sheet of sim-
ilar of substantially the same construction as facing sheet
28. In some embodiments, septum 34 may have a thick-
ness permitting ultrasonically welding septum 34 to an-
other component. In various embodiments, septum 34
may have a thickness of between 0.3 mm and 2.5 mm
for example. However, other thicknesses may be suitable
for various applications.
[0025] Cellular structure 30 may serve as a relatively
low-density core disposed between two relatively strong-
er skins such as backing member 26, facing sheet 28
and/or septum 34. In the context of structural applica-
tions, the resulting sandwich-structured panel 20 may
provide a combination of relatively high structural rigidity
and low weight, as the skins provide resistance to in-
plane and lateral bending loads, while the core provides
resistance to shear loads. In non-noise-attenuating ap-
plications, facing sheet 28 and/or septum 34 may not be
perforated (i.e., devoid of through holes 36, 38). Materials
of components of panel 20 may be selected to be com-
patible for ultrasonic welding together.
[0026] FIG. 4 is a perspective schematic view of an
exemplary duct 40 that may include one or more panels
20. Duct 40 may be part of inlet 22 of engine 10, or may
form part of bypass duct 24 of engine 10 for example.
Duct 40 may include (e.g., annular) base 42 to which
panel(s) 20 may be mounted. Base 42 may be made from
a suitable polymeric material, fiber-reinforced composite
material (e.g., carbon fibers embedded in a polymeric
resin) or metallic (e.g., aluminum-based) material.
[0027] FIG. 5 is a schematic cross-section view of duct
40 taken along line 5-5 in FIG. 4. One or more panel(s)
20 may be mounted to a radially-inner side and/or to a
radially-outer side of base 42. In some embodiments, a
single panel 20 may be mounted to base 42 and cover
part or substantially an entirety of the circumferential
span of base 42. In some embodiments, a plurality of
panels 20 may be mounted to base 42 in a circumferen-
tially adjacent manner to cover part or substantially an
entirety of the circumferential span of base 42. In the
example shown in FIG. 5, two adjacent semicircular pan-
els 20 are shown mounted to a radially-inner side of base
42. Intermediate parting lines 44 are shown schematical-
ly between the adjacent panels 20. A plurality of panels
20 may be mounted to any suitable base 42 to cooper-
atively provide an acoustically treated area of a desired
shape and size.
[0028] FIG. 6 is a schematic cross-section view of duct
40 of FIG. 4 taken along line 6-6 in FIG. 4. Panel 20 may
be formed to fit a profile defined in base 42 of duct 40
and may be inserted in base 42 as shown in FIG. 6. Cel-
lular structure 30 may have periphery P shown in FIG. 6
and representing an external boundary of cellular struc-
ture 30 within a plane intersecting and substantially par-
allel to panel 20. In other words, periphery P may be an

outer edge of an acoustically treated area of panel 20.
[0029] Backing member 26 may have a cross-section-
al profile that substantially conforms to the cross-section-
al profile of base 42. For example, backing member 26
may have a "top hat" shaped cross-sectional profile in-
cluding main portion 26A disposed inside periphery P of
cellular structure 30 and peripheral portions 26B dis-
posed outside of periphery P of cellular structure 30. In
other words, backing member 26 may extend outwardly
beyond periphery P of cellular structure 30. Backing
member 26 may also include transitions portions 26C
that interconnect respective peripheral portions 26B to
main portion 26A. Transition portions 26C may provide
step-shaped transitions between main portion 26A and
respective peripheral portions 26B. The step-shaped
transition provided by transition portion 26C may elimi-
nate the need for a ramped or "pan down" region of panel
20 that would take away from the acoustically treated
area of panel 20. Accordingly, the step-shaped transi-
tions provided by transition portions 26C may facilitate a
larger acoustically treated area in the space available for
panel 20 compared to ramped transitions for example.
In some embodiments, transition portions 26C may be
substantially perpendicular to main portion 26A. Howev-
er, in some embodiments, transition portions 26C may
instead be non-perpendicular to main portion and provide
ramp-shaped transitions interconnecting main portion
26A with respective peripheral portions 26B.
[0030] Facing sheet 28 may include main portion 28A
disposed inside periphery P of cellular structure 30 and
peripheral portions 28B disposed outside of periphery P
of cellular structure 30. In other words, facing sheet 28
may extend outwardly beyond periphery P of cellular
structure 30. Peripheral portions 28B of facing sheet 28
may face respective corresponding peripheral portions
26B of backing member 26. Peripheral portions 28B of
facing sheet 28 may be adjacent and (e.g., ultrasonically)
welded to respective corresponding peripheral portions
26B of backing member 26.
[0031] Components of panel 20 may be welded togeth-
er or to base 42 at weld junctions 46. Additional or fewer
weld junctions 46 than those shown in FIG 6 may be
used. For example, main portion 26A of backing member
26 may be welded to base 42. Peripheral portions 26B
of backing member 26 may be welded to base 42. Pe-
ripheral portions 26B of backing member 26 and periph-
eral portions 28B of facing sheet 28 may be welded to-
gether to form a lap joint. Main portion 28A of facing sheet
28 and cellular structure 30 may be welded together.
[0032] FIG. 7 is a flowchart illustrating an exemplary
method 100 of manufacturing a sandwich-structured
component such as panel 20. Aspects of method 100
may be combined with method steps or other aspects
described herein. Aspects of method 100 are illustrated
in FIGS. 8A-9B. Method 100 may include: receiving back-
ing member 26, facing sheet 28 (or septum 34), and cel-
lular structure 30 (block 102); assembling cellular struc-
ture 30 between backing member 26 and facing sheet
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28 (or septum 34) (block 104); and ultrasonically welding
backing member 26 and facing sheet 28 (or septum 34)
together (block 106).
[0033] Weld junctions 46 (shown in FIG. 6) may be
produced by ultrasonic welding as explained further be-
low. Alternatively, weld junctions 46 may be made using
other suitable low-temperature methods of welding such
as seam welding or linear friction welding. Weld junctions
46 may include a union or fusion of components made
after rendering part of the components to be joined soft
or pasty using heat, and with or without the use of fusible
filler material.
[0034] FIG. 8A schematically illustrates backing mem-
ber 26 of panel 20 formed from (e.g., flat) precursor sheet
48 prior to assembly with base 42. Backing member 26
may be formed to the desired shape using any suitable
metal or polymer forming techniques. In some embodi-
ments where backing member 26 is made from a metallic
material, backing member 26 may formed from precursor
sheet 48 by stamping or conventional welding for exam-
ple. In some embodiments where backing member 26 is
made from a polymer, backing member 26 may be ther-
moformed from precursor sheet 48 or injection molded
for example. In some embodiments, backing member 26
may define recess 50 in which cellular structure 30 may
be inserted. Peripheral portions 26B may be disposed
outside a periphery of recess 50.
[0035] FIG. 8B schematically illustrates assembling
backing member 26 with base 42 and ultrasonically weld-
ing backing member 26 to base 42 using sonotrode 52.
In embodiments where panel 20 is integrated with base
42, base 42 may be held on a suitable anvil to facilitate
the ultrasonic welding process. In embodiments where
panel 20 is not integrated with and welded to base 42, a
suitable anvil or other suitable work holding equipment
may be used to hold backing member 26 during assembly
of panel 20 and during ultrasonic welding. In some em-
bodiments, optional metallic foil 54 may be laid between
the components to be joined to facilitate ultrasonic weld-
ing. In some embodiments where polymeric components
of panel 20 are ultrasonically welded together, foil 54 may
be a relatively thin piece made from a compatible poly-
meric material and laid between the components to be
joined to facilitate ultrasonic welding.
[0036] The use of ultrasonic welding may provide flex-
ibility in joining various materials via relatively strong
structural bonds compared to some adhesive bonding
approaches. In some embodiments, the relatively high
bond strength may facilitate bonding areas of reduced
size for weld junctions 46 compared to the use of fasten-
ers such as rivets or bolts. Accordingly, the use of ultra-
sonic welding may promote an increase in acoustically
treated area in a given space, a reduction or elimination
of blockage of through holes 36, 38 by adhesive material
and/or potentially a weight reduction compared to exist-
ing acoustic panels made using other methods.
[0037] The ultrasonic welding used herein may be a
solid state welding process where no external heat is

added for welding. Ultrasonic welding may be performed
using sonotrode 52. Sonotrode 52 may be moved to lo-
cations to be welded and placed in contact with the work-
pieces to transmit energy to the workpieces by way of
ultrasonic vibration. The ultrasonic vibration may create
a dynamic shear stress between the contact surfaces of
the workpieces. Due to local plastic deformation and heat
generation due to friction between the contact surfaces,
joint formation may take place at the interface between
the two workpieces. Sonotrode 52 may be associated
with a (e.g., piezoelectric) transducer which can convert
high frequency electric signal into high frequency me-
chanical vibration. Oscillating shear forces acting at the
interface between the workpieces may cause elastoplas-
tic deformation at the interface. The local temperature
may rise at the interface without significantly melting the
workpieces and/or filler material. When joining metallic
components, the welding may be achieved by disrupting
the surface oxide films of the metallic components. Ul-
trasonic welding may be considered a relatively low heat
procedure and may be used to weld metallic materials
together, and polymeric materials together.
[0038] FIG. 8C schematically illustrates assembling
cellular structure 30 and facing sheet 28 with backing
member 26 after backing member 26 has been installed
with (and optionally welded to) base 42. Recess 50 (show
in FIG. 8B) may be at least partially filled with cellular
structure 30 and covered with facing sheet 28. In some
embodiments, foil 54 may be disposed between main
portion 28A of facing sheet 28 and cellular structure 30
to facilitate ultrasonic welding therebetween. In some
embodiment, foil 54 may be disposed between peripheral
portion 28B of facing sheet 28 and peripheral portion 26B
of backing member 26 to facilitate ultrasonic welding ther-
ebetween.
[0039] FIG. 8D schematically illustrates ultrasonically
welding peripheral portion 28B of facing sheet 28 to pe-
ripheral portion 26B of backing member 26 to form weld
junction 46 using sonotrode 52. In some embodiments,
main portion 28A of facing sheet 28 may be ultrasonically
welded to cellular portion 30 using sonotrode 52 also.
[0040] In some embodiments, base 42 may function
as a suitable backing member and a separate interme-
diate backing member 26 overlaying base 42 may not be
required. For example, cellular structure 30 may be in-
serted into a recess formed in base 42 and peripheral
portion 28B of facing sheet 28 may be ultrasonically weld-
ed directly to a peripheral portion of base 42 so that base
42 may serve as a backing member of panel 20.
[0041] In situations where one or more components
such as backing member 26 or facing sheet 28 is made
from fiber reinforced composite materials, ultrasonic
welding may also be used at the ply lay-up stage to bond
plies (e.g., pre-impregnated fabric or unidirectional tape)
together and the resulting lay-up may be subsequently
consolidated in an autoclave. In other words, a layer-by-
layer ultrasonic additive manufacturing (UAM) process
may be used to form one or more components of panel
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20.
[0042] FIG. 9A schematically illustrates an exploded
view of DDOF acoustic panel 20B to be assembled with
base 42. Method 100 and other aspects described above
in relation to manufacturing SDOF acoustic panel 20A
may be used to make DDOF acoustic panel 20B. In some
embodiments, backing member 26 may be installed with
base 42 and optionally ultrasonically welded to base 42
as described above. Cellular structure 30A may be as-
sembled to be disposed between backing member 26
and septum 34 which may be perforated with through
holes 38. Cellular structure 30A may be inserted into re-
cess 50 defined by backing member 26. Septum 34 may
have first peripheral portions 34B disposed outside pe-
riphery P1 of cellular structure 30A. First peripheral por-
tions 34B of septum 34 may be facing and disposed ad-
jacent to respective peripheral portions 26B of backing
member 26 to provide a lap joint to permit ultrasonic weld-
ing.
[0043] Septum 34 may also be formed to have a "top
hat" shape similar to backing member 26. Cellular struc-
ture 30B may be installed between septum 34 and facing
sheet 28. Septum 34 may define recess 56 in which cel-
lular structure 30B may be inserted. Septum 34 may also
have second peripheral portions 34D that are disposed
outside a periphery P2 of cellular structure 30B. Second
peripheral portions 34D of septum 34 may facilitate ul-
trasonic welding of septum 34 to base 42. Transition por-
tions 34C may interconnect second peripheral portions
34D to respective first peripheral portions 34B of septum
34. Each transition portion 34C may define a step-shaped
transition or a ramp-shaped transition. In some embod-
iments, transition portions 34C may be substantially per-
pendicular to main portion 34A of septum 34 disposed
within periphery P1 of cellular structure 30A. Peripheral
portions 28B of facing sheet 28 may be disposed outside
periphery P2 of facing sheet 28. Peripheral portions 28B
of facing sheet 28 and corresponding second peripheral
portions 34D of septum 34 may face each other and be
disposed adjacent each other to define a lap joint to fa-
cilitate ultrasonic welding.
[0044] In various embodiments, the assembly order of
the parts of SDOF acoustic panel 20A or of DDOF acous-
tic panel 20B may be varied from those depicted herein.
For example, the entire SDOF acoustic panel 20A or DD-
OF acoustic panel 20B may be assembled separately
from base 42 and subsequently assembled (e.g., adhe-
sively bonded, welded, fastened) with base 42. One or
more optional foils 54 as shown in FIG. 8C may also be
used to facilitate ultrasonic welding of components of DD-
OF acoustic panel 20B.
[0045] FIG. 9B schematically illustrates ultrasonically
welding components of DDOF acoustic panel 20B using
sonotrode 52. DDOF acoustic panel 20B may contain a
plurality of weld junctions 46 throughout DDOF acoustic
panel 20B and acoustic welding operations may be car-
ried out between assembly steps to provide sonotrode
52 access to the components to be welded. One or more

weld junctions 46 may be produced between main portion
26A of backing member 26 and base 42. One or more
weld junctions 46 may be produced between peripheral
portion(s) 26B of backing member 26 and base 42. One
or more weld junctions 46 may be produced between
main portion 34A of septum 34 and cellular structure 30A.
One or more weld junctions 46 may be produced between
first peripheral portion(s) 34B of septum 34 and respec-
tive peripheral portion(s) 26B of backing member 26. One
or more weld junctions 46 may be produced between
second peripheral portion(s) 34D of septum 34 and base
42. One or more weld junctions 46 may be produced
between peripheral portion(s) 28B of facing sheet 28 and
respective second peripheral portion(s) 34D of septum
34. One or more weld junctions 46 may be produced
between main portion 28A of facing sheet 28 and cellular
structure 30B.
[0046] In some embodiments, base 42 may function
as a suitable backing member and a separate interme-
diate backing member 26 overlaying base 42 may not be
required in the construction of DDOF acoustic panel 20B
either. For example, cellular structure 30A may be insert-
ed into a recess formed in base 42 and first peripheral
portion 34B of septum 34 may be ultrasonically welded
directly to 42 so that base 42 may serve as a backing
member of DDOF acoustic panel 20.
[0047] FIG. 10 is a schematic representation of part of
another exemplary sandwich-structured panel 120 which
may be suitable for structural applications. In some em-
bodiments, first skin 126 and second skin 128 are not
perforated. Panel 120 may include elements previously
described above and reference numerals for like ele-
ments have been incremented by 100. Ultrasonic welding
may be used to produce weld junctions 146. One or more
weld junctions 146 may be produced between main por-
tion 126A of first skin 126 and cellular structure 130. One
or more weld junctions 146 may be produced between
main portion 128A of second skin 128 and cellular struc-
ture 130. One or more weld junctions 146 may be pro-
duced between peripheral portion 126B of first skin 126
and peripheral portion 128B of second skin 128. Transi-
tion portion 126C of first skin 126 may define a step-
shaped transition between peripheral portion 126B of first
skin 126 and main portion 126A of first skin 126 disposed
inside the periphery of cellular structure 130. Transition
portion 128C of second skin 128 may define a step-
shaped transition between peripheral portion 128B of
second skin 128 and main portion 128A of second skin
128 disposed inside the periphery of cellular structure
130.
[0048] The use of ultrasonic welding may also facilitate
the fabrication of other components such as bracket 58,
flanges and/or other accessories integrated to panels,
ducts and bases described herein through the use of
UAM to reduce or eliminate the use of fasteners. UAM
may include stacking and fusing (e.g., welding) metallic
or polymeric strips 60 in a layer-by-layer manner using
ultrasonic welding to build-up such components. In var-
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ious embodiments, the panels described herein may be
used in components such as ducts, aircraft stringers and
aircraft fuselage skins for example. The panels described
herein may be used for shock-absorbing and/or insulat-
ing functions.
[0049] FIG. 11 is a schematic representation of part of
another exemplary sandwich-structured panel 220 which
may be suitable for structural applications. In some em-
bodiments, first skin 226 and second skin 228 may not
be perforated. Panel 220 may include elements previ-
ously described above and reference numerals for like
elements have been incremented by 200. Ultrasonic
welding may be used to produce weld junctions 246. One
or more weld junctions 246 may be produced between
main portion 226A of first skin 226 and cellular structure
230. One or more weld junctions 246 may be produced
between main portion 228A of second skin 228 and cel-
lular structure 230. One or more weld junctions 246 may
be produced between peripheral portion 226B of first skin
226 and peripheral portion 228B of second skin 228.
Transition portion 226C of first skin 226 may define a
ramp-shaped transition between peripheral portion 226B
of first skin 226 and main portion 226A of first skin 226
disposed inside the periphery of cellular structure 230.
[0050] The embodiments described in this document
provide non-limiting examples of possible implementa-
tions of the present technology. Upon review of the
present disclosure, a person of ordinary skill in the art
will recognize that changes may be made to the embod-
iments described herein without departing from the scope
of the present technology. Yet further modifications could
be implemented by a person of ordinary skill in the art in
view of the present disclosure, which modifications would
be within the scope of the present technology.

Claims

1. A method of manufacturing a sandwich-structured
panel (20; 120; 220), the method comprising:

receiving a first skin (26; 126; 226), a second
skin (28; 128; 228) and a cellular core (30; 130;
230);
assembling the cellular core (30; 130; 230) with
the first and second skins (26, 28; 126, 128; 226,
228) so that:

the cellular core (30; 130; 230) is disposed
between the first and second skins (26, 28;
126, 128; 226, 228);
the first skin (26; 126; 226) has a peripheral
portion (26B; 126B; 226B) disposed outside
a periphery (P) of the cellular core (30; 130;
230);
the second skin (28; 128; 228) has a periph-
eral portion (28B; 128B; 228B) disposed
outside the periphery (P) of the cellular core

(30; 130; 230) and
facing the peripheral portion (26B; 126B;
226B) of the first skin (26; 126; 226); and

ultrasonically welding the peripheral portion
(26B; 126B; 226B) of the first skin (26; 126; 226)
and the peripheral portion (28B; 128B; 228B) of
the second skin (28; 128; 228) together.

2. The method as defined in claim 1, further comprising:

ultrasonically welding the first skin (26; 126; 226)
to the cellular core (30; 130; 230); and/or
ultrasonically welding the second skin (28; 128;
228) to the cellular core (30; 130; 230).

3. The method as defined in claim 1 or 2, wherein the
first skin (26; 126; 226) defines a recess (50) and
the method includes inserting the cellular core (30;
130; 230) in the recess (50).

4. The method as defined in any preceding claim,
wherein the second skin (28) is perforated.

5. The method as defined in any preceding claim, fur-
ther comprising ultrasonically welding the first skin
(26) to a base (42) before assembling the cellular
core (30) with the first and second skins (26, 28),
wherein, optionally, the base (42) has an annular
shape.

6. The method as defined in any preceding claim,
wherein the first skin (26; 126) defines a step-shaped
transition (26C; 126C) between the peripheral por-
tion (26B; 126B) of the first skin (26; 126) and a main
portion (26A; 126A) of the first skin (26; 126) dis-
posed inside the periphery (P) of the cellular core
(30; 130).

7. The method as defined in any preceding claim,
wherein:

the cellular core (30) is a first cellular core (30A);
the peripheral portion (28B) of the second skin
(28) is a first peripheral portion (28B) of the sec-
ond skin (28); and
the method further comprises:

receiving a third skin (34) and a second cel-
lular core (30B);
assembling the second cellular core (30B)
with the second and third skins (28, 34) so
that:

the second cellular core (30B) is dis-
posed between the second and
third skins (28, 34);
the second skin (28) has a second pe-
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ripheral portion (28B) disposed outside
a periphery (P2) of the second cellular
core (30B);
the third skin (34) has a peripheral por-
tion (34D) disposed outside the periph-
ery (P2) of the second cellular core
(30B) and facing the
second peripheral portion (28B) of the
second skin (28); and

ultrasonically welding the second peripher-
al portion (28B) of the second skin (28) with
the peripheral portion (34D) of the third skin
(34) together, wherein, optionally, the sec-
ond skin (28) defines a step-shaped transi-
tion between the first peripheral portion
(28B) of the second skin (28) and the sec-
ond peripheral portion (28B) of the second
skin (28).

8. A method of manufacturing an aircraft component
(20; 120; 220), the method comprising:

receiving a backing member (26; 126; 226), a
sheet (28; 128; 228) and a cellular structure (30;
130; 230);
assembling the cellular structure (30; 130; 230)
between the backing member (26; 126; 226) and
the sheet (28; 128; 228); and
ultrasonically welding the backing member (26;
126; 226) and the sheet (28; 128; 228) together.

9. The method as defined in claim 8, further comprising:

ultrasonically welding the sheet (28; 128; 228)
to the cellular structure (30; 130; 230); and/or
ultrasonically welding the backing member (26)
to a base (42).

10. The method as defined in claim 8 or 9, further com-
prising:

inserting the cellular structure (30; 130; 230) in
a recess (50) formed in the backing member (26;
126; 226); and
ultrasonically welding a peripheral portion (26B;
126B; 226B) of the backing member (26; 126;
226) outside a periphery (P) of the recess (50)
to the sheet (28; 128; 228).

11. The method as defined in any of claims 8 to 10, com-
prising ultrasonically welding strips (60) in a layer-
by-layer manner to build a feature (58) off of the back-
ing member (26; 126; 226) or the sheet (28; 128;
228).

12. A sandwich-structured panel (20; 120; 220) compris-
ing:

a first skin (26; 126; 226),
a second skin (28; 128; 228) disposed relative
to the first skin (26; 126; 226) to define a cavity
(50) between the first and second skins (26, 28;
126, 128; 226, 228); and
a cellular core (30; 130; 230) disposed in the
cavity (50) between the first and
second skins (26, 28; 126, 128; 226, 228);
wherein:

the first skin (26; 126; 226) has a peripheral
portion (26B; 126B; 226B) disposed outside
a periphery (P) of the cellular core (30; 130;
230);
the second skin (28; 128; 228) has a periph-
eral portion (28B; 128B; 228B) disposed
outside the periphery (P) of the cellular core
(30; 130; 230) and
facing the peripheral portion (26B; 126B;
226B) of the first skin (26; 126; 226); and
the peripheral portion (26B; 126B; 226B) of
the first skin (26; 126; 226) and the periph-
eral portion (28B; 128B; 228B) of the sec-
ond skin (28; 128; 228) are welded together.

13. The sandwich-structured panel (20; 120; 220) as de-
fined in claim 12, wherein:

the second skin (28; 128; 228) is welded to the
cellular core (30; 130; 230); and/or
the second skin (28; 128; 228) is perforated.

14. The sandwich-structured panel (20; 120) as defined
in claim 12 or 13, wherein the first skin (26; 126)
defines a step-shaped transition (26C; 126C) be-
tween the peripheral portion (26B; 126B) of the first
skin (26; 126) and a main portion (26A; 126A) of the
first skin (26; 126) disposed inside the periphery (P)
of the cellular core (30; 130).

15. The sandwich-structured panel (20) defined in any
of claims 12 to 14, wherein

the cellular core (30) is a first cellular core (30A);
the cavity (50) is a first cavity (50);
the peripheral portion (28B) of the second skin
(28) is a first peripheral portion (28B) of the sec-
ond skin (28);
the sandwich-structured panel (20) includes:

a third skin (34) disposed relative to the sec-
ond skin (28) to define a second cavity (56)
between the second and third skins (28, 34);
and
a second cellular core (30B) disposed in the
second cavity (56) between the second and
third skins (28, 34);
wherein:
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the second skin (28) has a second pe-
ripheral portion (28B) disposed outside
a periphery (P2) of the second cellular
core (30B);
the third skin (34) has a peripheral por-
tion (34D) disposed outside the periph-
ery (P2) of the second cellular core
(30B) and facing the second peripheral
portion (28B) of the second skin (28);
the second peripheral portion (28B) of
the second skin (28) and the peripheral
portion (28B) of the third skin (34) are
welded together; and
the second and third skins (28, 34) are
perforated.
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